I. Introduction 1
It is now generally accepted that private property rights play a positive role in the development of market-based economies. This has been documented particularly by economic historians in the context of western Europe (North and Thomas, 1973; and Rosenberg and Birdzell, 1986) . However, what has not been fully established is the magnitude of the role played by private property rights. Some attempts have been made at measuring the effects of private property rights on economic development. These have been of two kinds. The first kind has focused on estimating the relationship between private property rights and economic growth, based on cross-section regression analysis (Torstensson, 1994; and Goldsmith, 1995) . The second kind has used sector studies to measure the economic effects of property rights in land on land productivity and rural or urban real estate incomes (Feder et al., 1988; Feder and Nishio, 1998; and Mighot-Adholla et a., 1991; Roth et al., 1994; and Place and MighotAdholla, 1998) . While these empirical studies have made a very useful contribution to measuring the economic effects of property rights, they have had some shortcomings. First, due to lack of direct measures, the cross-sectional analytical studies have relied on the use of proxies, such as the degree to which property is state-owned, to measure property rights. Second, the sector studies have failed to capture the economic effects of property rights which cover more than one sector or affect the economy as a whole.
This study attempts to address these two weaknesses by: (i) estimating the economic effects of land registration on the economy-wide parameters of financial development and economic growth; and (ii) using a direct measure of private property rights --land registration --instead of relying on proxies. It should be noted that this is the first study to empirically estimate the relationship between land registration on the one hand and financial development and economic growth on the other.
The rest of the paper is structured as follows. Section II reviews the theoretical and conceptual framework that links land registration to financial development and economic growth. Section III deals with specification and testing of the econometric model using data from Thailand while Section IV focuses on interpretation of the empirical results. Section V draws conclusions emphasising policy implications and areas for further study.
II. A Theoretical and Conceptual Framework of Land Registration, Financial Development and Economic Growth
In this section, we review the theoretical and conceptual framework, developed by Byamugisha (1999) , to guide the empirical analysis of the effects of land registration on financial development and economic growth. It is necessary to improve upon current and past investigation approaches which have focused on one sector, contrary to common observations to the effect that land registration affects not just one sector but many sectors and the economy as a whole. The framework, represented in Figure 1 , is underpinned by the theory of positive information and transaction costs.
Figure 1: A Conceptual Framework Linking Land Registration to Financial Development and Economic Growth
Source: Byamugisha (1999) 
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Enhanced cost and allocative efficiency in resource use
The framework builds upon the well-tested conceptual framework that links landownership security to farm productivity. It is constructed with five linkages, to map the relationship between land registration and financial development and economic growth, namely: (i) the land tenure security and investment incentives linkage; (ii) the land title, collateral and credit linkage; (iii) the land markets, transactions and efficiency linkage; (iv) the labor mobility and efficiency linkage; and (v) the land liquidity, deposit mobilization and investment linkage. The second and last linkages play a primary role in the land registration/financial development relationship although they are also important in enhancing investment which is essential for economic growth; the first, third and fourth linkages play a primary role in the land registration/economic growth relationship although they also play an important role (particularly the third linkage) in financial development.
III. Specification and Testing of the Econometric Model
In this section, we specify an econometric model necessary to estimate the effects of land registration on financial development and economic growth. We have two equations to specify and estimate: the financial development equation; and the economic growth equation. In each of the equations, land registration enters as an explanatory variable accompanied by control variables. Given the two-way relationship that links the development of the financial and real sectors of the economy as articulated in the finance and growth literature (Levine, 1996) , the financial development equation would have to include a real GDP per capita variable while the economic growth equation would similarly incorporate a financial development variable. The specification approach being followed here for the financial development equation is similar to the one used by Demetriades and Luintel (1996) in their study of the effects of banking policies on financial development in Nepal. But, unlike their study, ours does not investigate short run and long run interactions between financial deepening and economic growth: we only assume the existence of the interactions and, on that basis, proceed to include financial deepening and economic growth variables in the economic growth and financial deepening equations, respectively.
The specification and estimation of the econometric model is based on time series data for Thailand for the period 1960-1996. We do not include 1997 and 1998 in our analysis partly because the required data is not available; in addition, the Asia financial crisis has hit Thailand and created so much economic and social disruption to the extent that it would only be prudent to analyze the 1997-98 period separately as a special case.
(a) Specification of the Relationship Between Land Registration and Financial Development
It has already been argued that land registration is primarily linked to financial development through two channels: the role played by land registration in enabling land to become a collateral asset which enhances financial development by expanding the market base (the number of credit worthy borrowers) for loans and by reducing financial intermediation costs; and the role of land registration in unlocking land resources and making them available for mobilization by the financial intermediaries (Section II). We specify a financial development function that recognizes the role of land registration but also takes into account the more commonly recognized determinants of financial development. While doing so, we follow the approach of Demetriades and Luintel (1996, op. cit.) . There is one important difference though between their approach and ours.
While their model deeply dissects banking policies to measure their impact on financial development and economic growth as the primary aim, ours treats banking policies as a set of variables among other control variables. In fact, due to the generally sound financial policies (free of major distortions) in Thailand, our focus on the control variables is less on financial policies and more on other variables such as per capita GDP growth. For example, opening of bank branches is not included as an independent variable because, contrary to experience elsewhere, the Thai banking regulations have not promoted opening of new bank branches (except in remote rural areas) but have instead imposed explicit taxes on the award of licenses for new bank branches (World Bank, 1990) . Consequently, in addition to the two standard variables ---real GDP per capita and real deposit rate ---we have included only two banking policy variables: ceilings on deposit rates; and directed credit to agriculture.
The specification of the financial development function is presented in equation 1.
Where: FD -Financial deepening LR -Land titling LRE -Land registration public expenditures Y -Per capita real GDP Rd -Real deposit interest rate Ci -Ceilings on deposit rates dummy Da -Directed lending to agriculture dummy Equation 1 as currently specified is a long-run or equilibrium relationship. As economic systems are rarely in equilibrium, what is usually observed is a short-run or disequilibrium relationship involving lagged values of FD and of the variables on the right hand side (RHS) of equation 1. We will therefore assume the relationship takes the form of equation 2 with first order lags for all variables except the dummy variables (Ci and Da) and the real interest rate variable. For the interest rate variable, we will assume that it is in equilibrium because it tends to adjust quickly to equilibrium and also because we do not need to specify its error correction model as it is stationary I(0) (see section III (c) below). The variables in equation 2 are expressed in natural logs (except the dummies) and denoted in lower-case letters. fd t = b 0 + µfd t-1 + b 1 lr t + b 2 lr t-1 + c 1 lre t + c 2 lre t-1 + d 1 y t + d 2 y t-1 + γrd t + φci t + νda t + ε t (2)
The variables and their data sources are described in Appendix 1.
(b) Specification of the Relationship Between Land Registration and Economic Growth
We specify the land registration/economic growth relationship on the strength of the conceptual framework in which land registration is linked to economic growth through investment and efficiency of resource use. The specification of the economic growth function follows the endogenous growth theory and the related empirical work (Crafts, 1996) . It is the same approach used by Torstensson (1994) in his cross-sectional study of the effects of property rights on economic growth (Section I above). In looking for control variables, we face a dilemma in that as many as 50 variables have been used in different cross-sectional economic growth studies, and many of these variables do not hold when subjected to the type of rigorous analysis that Levine and Renelt (1992) undertook. In our study, we will build on three explanatory variables that they found to be robust, namely, investment rate, growth in investment in human capital and population growth. As we are dealing with a single country case study using time series data (as opposed to the bulk of the endogenous growth studies that are crosssectional), some of the key variables used in the endogenous growth empirical literature have been left out, namely, the initial level of real GDP per capita and the initial human investment stock. Long run economic policy variables such as inflation, real exchange rate, and government expenditures were left out also because they were stable for Thailand during the period covered by the study since macroeconomic stability was the corner stone of economic growth policy (Christensen et al., 1993 
The variables and their data sources are described in Appendix 1. More often than not, time series data are non-stationary. In this section, we carry out unit root tests using the Augmented Dickey-Fuller (ADF) method (Dickey and Fuller, 1979) to test for non-stationarity for the key variables in the economic growth and financial deepening equations, using Microfit 4.0 (Pesaran and Pesaran, 1997) . The existence of non-stationarity in a data series would mean that, if hit by a shock, a variable would suffer permanent change, since non-stationary variables have a non-constant mean, variance and covariance. On the other hand, faced by a shock, a stationary data series will over time return to its unconditional mean; that is, the effects of the shock will dissipate, leaving only temporary effects on the time series.
The ADF tests show that only the real deposit rate variable (RD) is stationary at I(0) while the rest of the variables attain stationarity at I(1) except the per capita income variable (Y) that attains stationarity at I(2). These ADF results are further verified using correlograms of autocorrelation coefficients. Stationarity is achieved when the correlogram falls rapidly to or toward zero and stabilizes thereafter around zero at higher orders; this contrasts with a steadily 2 We have also carried out other pre-tests such as scatter plots involving dependent variables and the land registration variables in which a positive association was found. Variables were also plotted against time to detect patterns, trends and outliers. In addition to looking out for outliers as a check on data quality, we were particularly interested in detecting shifts or structural changes in the time series data as a basis to select the most appropriate method for unit root tests for stationarity. Specifically, in situations of a permanent shift which could be due to policy changes or external shocks, the normal unit root tests such as the Augmented Dicker-Fuller (ADF) and Phillips-Perron tests, would have low testing power. Such breaks can make an otherwise stationary time series data appear non-stationary. If such breaks in data are known, the unit root tests can be adjusted by including dummy variables to ensure there are as many deterministic regressors as there are deterministic components in the data generating process. If the breaks in data are unknown, other methods can be used for unit root testing such as the Perron method (Perron, 1989) . A review of the graphs indicate that there are no breaks in data that would reduce the power of the normal unit root test methods. Hence, the ADF test can be used to carry out the unit root tests and was indeed selected for the test. The scatter plots against time and between dependent and land registration variables can be provided by the author upon request.
declining correlogram which one gets in a situation of non-stationarity. A summary of the ADF test results is presented in Table 1 below; the correlograms and the details of the ADF tests are not reported here. They can be found in Byamugisha (1999) . Results obtained using Microfit 4.0 by Pesaran and Pesaran (1997) .
(
ii) Non-Stationarity, the ECM Model and Parsimonious Specification
Unit root tests carried out above have indicated that, for all variables (with an exception of the real deposit rate variable), non-stationarity exists with implications that a classical regression analysis would produce spurious and inconsistent estimates. To overcome the problem of non-stationarity, we develop a specification of the Error Correction Model (ECM), as was done by Demetriades and Luinter (1996) and Khan and Hasan (1998) 3 . Alternatively, we could have used a vector autoregression (VAR) framework with cointegration such as proposed by Johansen (1988) . We opted against this because the VAR would have made 'Very Awful Regressions', as many econometricians humorously call the VARs (Harvey, 1997, p.199) since our econometric models have many variables one of which (the land titling variable) needs to be lagged up to five or more orders in the economic growth equation.
We start with specification of an ECM for the financial deepening equation (equation 2). We leave the real interest rate variable (Rd) out of the ECM specification as it has been found to be stationary at I(0). This helps us to make savings on the degrees of freedom. Similarly, we leave out the dummy variables (Da and Ci) as they would not be expected to be non-stationary.
As a first step in specifying the ECM, we reparameterize equation 2 by adding and subtracting the terms (b 1 + b 2 ) lr t-1 , c 1 lre t-1 and d 1 y t-1 from the right hand side to produce equation 5:
Subtracting fd t-1 from both sides of the equation, we have:
We further reparameterize to generate the ECM in equation 7:
Where:
To estimate equation 7, it is necessary to multiply out the disequilibrium error term and rewrite the equation as:
Further lags can be added to one or more variables and more ECMs constructed for them. For example, if a second order lag is added for lr t in equation 2, we would obtain an ECM similar to equation 8 but having additional regressors µ 2 ∆y t-1 and b 3 ∆lr t-1 , as in equation 9. ∆fd t = λβ 0 -µ 2 ∆y t-1 + b 1 ∆lr t + c 1 ∆lre t + d 1 ∆y t -b 3 ∆lr t-1 + λβ 1 lr t-1 + λβ 2 lre t-1 + λβ 3 y t-1 -λfd t-1 + γrd t + φci t + νda t + ε t
Next, we embark on specification of the economic growth equation (equation 4) following the same steps as we have used to specify the financial development equation. We obtain equation 10 as the ECM for the economic growth equation.
∆y t = λβ 0 + b 1 ∆lrt t + c 1 ∆lre t + d 1 ∆i t + e 1 ∆sc t + f 1 ∆t t + g 1 ∆p t + h 1 ∆m t + i 1 ∆fd t + λβ 1 lr t-1 + λβ 2 lre t-1 + λβ 3 i t-1 + λβ 4 sc t-1 + λβ 5 t t-1 + λβ 6 p t-1 + λβ 7 m t-1 + λβ 8 fd t-1 -λy t-1 + ε t (10)
We could, as we did for the financial development equation, add further lags for lr t (the land titling variable) in equation 4 and construct more ECMs for the economic growth equation. If we add second order lags, we would obtain an ECM similar to equation 10, but having additional regressors µ 2 ∆y t-1 and b 3 ∆lr t-1 as in equation 11. ∆y t = λβ 0 -µ 2 ∆y t-1 + b 1 ∆lrt t + c 1 ∆lre t + d 1 ∆i t + e 1 ∆sc t + f 1 ∆t t + g 1 ∆p t + h 1 ∆m t + i 1 ∆fd t -b 3 ∆lr t-1 + λβ 1 lr t-1 + λβ 2 lre t-1 + λβ 3 i t-1 + λβ 4 sc t-1 + λβ 5 t t-1 + λβ 6 p t-1 + λβ 7 m t-1 + λβ 8 fd t-1 -λy t-1 + ε t (11) We make test runs, using the 'General to Specific Approach', the so-called Hendry's approach, to arrive at parsimonious specifications (Thomas, 1997) . We start with regression analysis for the financial deepening equation (equation 8) but without the land registration variables. The real deposit rate variable and the two dummies (for directed lending to agriculture and ceilings on deposit interest rates) turn out to be insignificant and are therefore dropped from the equation (regression results are not reported here; they can be made available by the author upon request). There is no need for F-testing for the restriction imposed by dropping these variables since their coefficients are insignificant within an ECM specification. We find that reducing the number of explanatory variables does not cause deterioration in the diagnostic statistics. Rather, by saving on the degrees of freedom, the reduction in the number of explanatory variables improves our testing for statistical significance and generates a simple model. We therefore use this simplified model ---equation 12 ---as the basis for estimating the financial deepening equation.
∆fd t = λβ 0 + b 1 ∆lr t + c 1 ∆lre t + d 1 ∆y t + λβ 1 lr t-1 + λβ 2 lre t-1 + λβ 3 y t-1 -λfd t-1 + ε t
Similarly, we undertake a regression analysis of the economic growth equation as specified in equation 10 but without the land registration variables. Our findings indicate that the population (p), manufacturing (m) and human capital (secondary school enrolment, sc) variables are insignificant and are therefore dropped from the equation (regression results are not reported here, but they can be made available by the author upon request) 4 . Again, there is no need for F-testing for the restriction imposed by dropping these variables since their coefficients are insignificant within an ECM specification. We find that their removal from the equation does not lead to a deterioration in the diagnostic statistics. Dropping the three variables leads to equation 13 which is a simpler model that we will use to estimate the economic growth equation. We will also estimate the economic growth equation using a simplified equation derived from equation 11 (with second order lags) but without the three omitted variables; it is presented as equation 14. If necessary, we will estimate also a model with third order lags, similar to equation 14 but with additional regressors y t-2 and ∆lr t-2 .
∆y t = λβ 0 + b 1 ∆lrt t + c 1 ∆lre t + d 1 ∆i t + e 1 ∆t t + f 1 ∆fd t + λβ 1 lr t-1 + λβ 2 lre t-1 + λβ 3 i t-1 + λβ 4 t t-1 + + λβ 5 fd t-1 -λy t-1 + ε t (13) ∆y t = λβ 0 -µ 2 ∆y t-1 + b 1 ∆lrt t + c 1 ∆lre t + d 1 ∆i t + e 1 ∆t t + f 1 ∆fd t -b 3 ∆lr t-1 + λβ 1 lr t-1 + λβ 2 lre t-1 + λβ 3 i t-1 + λβ 4 t t-1 + λβ 5 fd t-1 -λy t-1 + ε t
It is important to underline the point that, on the strength of the ECM specification, tratios can be used to omit variables in the general to specific approach. This is due to the fact that the ECM representation reduces problems of multicollinearity hence increasing the reliability and stability of t-ratios in testing for statistical significance (Thomas, 1997, op. cit.) . A correlation matrix of the explanatory variables in the ECM specification shows that collinearity between the bulk of the variables is greatly reduced, making them almost orthogonal. Details of the correlation matrix are not reported here but can be made available by the author upon request.
With our simplified equations (12, 13 and 14), various regression runs are made. The results are presented and discussed in Section IV.
(iii) Lagged Response, Autoregressive Distributed Lag Model and Co-integration
Experience from implementing land titling projects indicates that the impact of land titling on productivity and output takes a long time to materialize, at least 3-5 years (Onchan and Aungsumalin, 1993) . Hence, modelling the response of economic growth to land titling would require many lags which the ECM cannot handle beyond 3 lags as it would become overly complex and eat up too many degrees of freedom. A model well suited to handle such a large number of lags is the autoregressive distributed lag (ARDL) model which we are going to develop from equation 4 (without the three omitted variables) as an 8 th order ARDL model where only the land titling variable takes up to 8 lags; the dependent variable is lagged also once as a regressor 5 . We obtain equation 15: y t = b 0 + µy t-1 + b 1 lrt t + b 2 lrt t-1 + ---b 9 lrt t-8 + c 1 lre t + d 1 i t + e 1 t t + f 1 fd t + ε t
We reparameterize equation 15, by subtracting y t-1 from both sides of the equation, in order to 5 For a survey of ARDL models, see Hendry et al. (1984) .
reduce the y t (the dependent variable) from an I(2) to approximately I(1) so that it is at par in the order of integration with the other variables. We obtain equation 16 which we estimate. The estimation results are presented in Section IV.
∆y t = b 0 + (µ-1)y t-1 + b 1 lrt t + b 2 lrt t-1 + ---b 9 lrt t-1 + c 1 lre t + d 1 i t + e 1 t t + f 1 fd t + ε t
Since all the variables in equation 16 are generally integrated I(1), we carry out a residual-based ADF method for cointegration, proposed by Engle and Granger (1987) . If the residuals were to be found stationary, we would conclude that the related variables are cointegrated, that is, having some linear combination that is integrated I(0). Consequently, an OLS regression would not produce spurious and inconsistent estimates despite the variables being non-stationary. The results of the estimation of the ARDL and of the cointegration tests are presented and discussed in Section IV.
IV. Empirical Results and their Interpretation
The results of the regression analyses are presented in Tables 2 to 6 for the financial deepening and economic growth equations. We now embark on interpreting the estimation results, starting with the financial deepening equation in section IV(a) and thereafter dealing with the results of the economic growth equation in section IV(b).
(a) Results of the Financial Deepening Equation
We first present the estimation results of the standard financial deepening equation in column 1 of Table 2 . As expected, the explanatory variables representing per capita income and financial deepening (lagged) all carry the expected signs. It should be noted that the negative sign for the latter's coefficient refers to -λ which is equivalent to -(1-µ) , indicating that µ is positive. The per capita income and financial deepening variables, lagged by one period to represent the long run or equilibrium situation, have a strongly significant effect on financial deepening while the change in per capita income variable, representing a short-run or disequilibrium situation, is statistically significant at 5 percent level. It is important to note at this point that the variables for real deposit rate, directed credit to agriculture and ceilings on deposit rates were dropped from the equation in the parsimonious specification because they were found to be statistically insignificant (Section IIIc).
Next, we present the results of the financial deepening equation where the land registration variables have been added to the standard equation. The results are presented in column 2. The estimation results have been subjected to and passed the diagnostic tests whose results are also presented in Table 1 . The Ramsey RESET test (functional form) confirms that the model is correctly specified. In addition, the estimation results have passed the tests for normality, serial correlation and heteroscedasticity.
The variables in the standard equation have maintained their expected signs and have remained statistically significant. However, the added land registration variables have produced mixed results. The variable for public expenditure on land registration has the expected sign but is not significant both in the short run and long run. As for the land titling variable, it has an unexpected negative sign in the short-run but a positive sign in its long-run specification. Its short-run effects on financial deepening are insignificant; but in the long run, its effects are significant at 5 percent level. This analysis indicates that land titling has a significant effect on financial development in the long run but none in the short run. Results and footnotes obtained using Microfit 4.0 by Pesaran and Pesaran (1997) .
(b) Results of the Economic Growth Equation
The economic growth equation has been estimated using two different models: the ECM; and the ARDL. The ECM has the advantage of having a capability to fully deal with the problem of non-stationarity; however, it is inadequate in handling high order lags. High order lags are best handled by ARDL models. But for their results to be valid, the variables must pass a test for co-integration if they are integrated I(1) as is the case in this study.
We first present the estimation results of the ECM model and the related diagnostic tests (Table 3 ). The DW and LM diagnostic tests for the results in columns 1 and 3 indicate the presence of serial correlation but not serious enough to affect model specification: the Ramsey RESET tests indicate in both cases that the models are correctly specified. The Ramsey RESET test indicates some mis-specification of the model in column 2 but this is not supported by the LM test, indicating that the mis-specification problem is not serious. The estimation results have passed the tests for normality and heteroscedasticity without any qualification. Results and footnotes obtained using Microfit 4.0 by Pesaran and Pesaran (1997) .
Column 1 of Table 3 shows estimation results of the standard economic growth equation which contains control variables: the explanatory variables are carrying the expected signs except for the short-run variable for financial deepening (FD) which is in any case statistically insignificant. In addition, with the exception of the investment variable (I) which is significant in the short-run but insignificant in the long-run, all the variables are on the whole strongly significant in the long-run but insignificant in the short-run. As economic theory is concerned about the long run, also referred to as equilibrium, these results are generally consistent with our expectations.
Next, we present the results of the economic growth equation to which the land registration variables have been added to the standard equation: column 2 (of Table 3 ) presents land titling with one lag while columns 3 and 4 have it with 2 and 3 lags, respectively. In addition, columns 2, 3 and 4 carry the variable for public expenditure on land registration, without any lags. The variables from the standard economic growth equation (control variables) remain statistically significant and maintain their signs in all columns 2, 3 and 4 except for the financial deepening variable which becomes insignificant in column 4. Furthermore, the financial development variable turns negative in column 3. The estimation results for the control variables are basically buoyant.
The variable for public expenditure on land registration is strongly significant in the longrun in all cases and carries the expected sign. It is insignificant in the short-run. This would indicate that public expenditure on land registration ---an indicator of the quality of land registration services in support of land transactions ---has a strongly significant and positive effect on economic growth in the long run but not in the short-run. The land titling variable on the other hand carries an unexpected negative sign and is significant in the long-run for the first and second order lags but insignificant for the third order lag; it is uniformly insignificant in the shortrun. These results indicate that the land titling variable has a negatively significant effect on economic growth in the first and second years, following the issuing of land titles, but the effects fade away in the third year.
As we noted in the last section, the ECM model is not suited to handle high order lags that one would expect to find in the relationship between land titling and economic growth. We have therefore decided to use an ARDL model to deal with the multi-order lags of the land titling/economic growth relationship. The estimation results and the related diagnostic tests are presented in Table 4 . The estimation results have passed all the diagnostic tests for specification, normality, serial correlation and heteroscedasticity.
Column 1 of Table 4 shows estimation results of the standard economic growth equation in the ARDL model: the explanatory variables are carrying the expected signs. In addition, they are all statistically significant, and strongly so for the per capita income (lagged) and investment variables. The coefficient of the lagged per capita variable, µ, is also positive since the negative sign actually refers to -λ which is equivalent to -(1-µ) (see Section IVa).
Next, we present the results of the economic growth equation to which the land registration variables have been added to the standard equation: column 2 (of Table 4 ) presents land titling with zero and four period lags while column 3 has it with zero and eight period lags. In addition, columns 2 and 3 carry the variable for public expenditure on land registration, without any lags. The variables from the standard economic growth equation remain statistically significant in both columns 2 and 3 except for the financial deepening variable in column 2 and the trade variable in column 3. Furthermore, the financial development variable turns negative in column 3. While there are these aberrations that we are unable to explain, the estimation results are basically buoyant. The variable for public expenditure on land registration is strongly significant in both cases and carries the expected sign. The land titling variable is significant with four and eight period lags, respectively; it is also significant when it is not lagged. However, it carries an unexpected negative sign, when it has no lag, but a positive sign as expected when lagged by four and eight periods, respectively. The unexpected negative sign is consistent with the results from the ECM model for the impact of land titling with one and two lags. Given that the land titling variable seems to carry negative signs at low order lags but positive signs at higher order lags, it would be useful to trace the dynamic path that is followed through this adjustment. We do so by undertaking regression analysis using the standard economic growth equation plus the two variables for land registration (land titling and public expenditure on land registration) in the same way as we have done to generate the results in columns 2 and 3 of Table 4 . But this time, we undertake a separate regression analysis for each lag of the land titling variable, from zero to thirteen (13) lags. The results are summarized in Table 5 . Pesaran and Pesaran (1997) .
With a zero lag, the land titling variable is statistically significant and carries a negative sign. But with one and more lags, the land titling variable assumes a positive sign although the variable is not statistically significant for one, two and three period lags. For higher lags ranging from 4 to 12, it becomes statistically significant, with lags 8 to 11 being strongly significant. Then the variable becomes statistically insignificant for lags higher than 12. This analysis of the response of economic growth to land titling clearly follows a J curve, first starting negative but slowly building, over 3 years, to a positive and strong response whose impact lasts for nine (9) years.
The analysis indicates that, in the long term, land registration has a strongly positive impact on economic growth, but this happens only after an initial negative impact and a slow recovery from it. Things first get worse before they get better. While the positive long term impact is expected, there is no clear explanation in literature for the initial negative impact. Therefore, we can only speculate on the causes. First, we know from literature that land registration leads to increases in land prices and speculation in land, including at times land grabbing, which often occurs before even registration has taken place (Feder and Nishio, 1998) . Speculation in land may keep investments away from land since landownership would shift from land users to speculators, and high land prices discourage investments in landintensive activities. Second, economic agents including bankers may initially develop a wait and see attitude in accepting land titles as collateral, both new and old land titles. While the ARDL model seems to have handled well the higher order lags of the economic growth equation, the estimation results cannot be automatically declared valid given that the variables involved are only stationary at I(1). To be valid, the variables in the ARDL model would have to first pass the co-integration test (see Section IIIc). A residual-based ADF test for co-integration has been conducted and its results are presented in Table 6 . At the 5% level of significance, none of the ADF test statistics is more negative than the critical value of -5.2687. This is still the case even when the various variables in the ARDL model are alternately made the dependent variable and the land titling variable lagged at various orders (the test results are not reported). Hence, we cannot reject the null hypothesis of non-cointegration 6 . We are therefore unable to say that the variables in the ARDL model are cointegrated. Consequently, given that the variables in the ARDL model are I(1) and were regressed in levels, the results of the test for cointegration would suggest that the ARDL estimation results could be spurious and inconsistent. But we cannot rush to dismiss the ARDL estimation results purely based on the ADF test for cointegration as it is well known that the Dickey-Fuller test has low power especially when the sample is fairly small like the one used in this study. Unit root tests for residuals ***************************************************************************** Based on OLS regression of DLY on: INPT LY (-1) LLRT LI LT LFD 36 observations used for estimation from 1961 to 1996 **************************************************************************** 76.8824 ***************************************************************************** 95% critical value for the Dickey-Fuller statistic = -5.2687 LL = Maximized log-likelihood AIC = Akaike Information Criterion SBC = Schwarz Bayesian Criterion HQC = Hannan-Quinn Criterion
Results obtained using Microfit 4.0 by Pesaran and Pesaran (1997) .
V. Summary and Conclusions
Our study, though a single country case study, has demonstrated that an economy-wide approach to analyzing economic effects of land registration offers considerable improvements over current and past approaches which have been sector-focused. We have deployed contemporary analytical approaches, including the ECM, to deal with non-stationarity that is inherent in time series data. We have at the same time used classical techniques such as the ARDL to model high order lags that characterize the response of output and economic growth to changes in land registration.
Our empirical analysis using the ECM has generated three unambiguous findings. First, land titling is found to have statistically significant and positive long-run effects on financial development. Second, public expenditure on land registration ---an indicator of the quality of land registration services ---is found to have strongly significant and positive long run effects on economic growth. Third, land titling is found to have significantly negative effects on economic growth in the immediate period following its occurrence.
While we are able to explain the positive impact of land titling and quality of land registration services on financial development and economic growth, we are unable to explain the negative impact of land titling on economic growth. Our guess is that it may be due to the influences of price increases and speculation in land (often associated with land titling) which tend to deter investment in land and in land-intensive activities. In addition, it is possible that bankers and investors may take a wait and see attitude in transacting with new (and old) titles until the dust has cleared. Both the speculation in land and short term uncertainties in dealings with land titles could adversely impact economic growth in the short run. On the other hand, theory and supply response studies would indicate that the response of economic growth to land titling should occur with many lags which the ECM is unable to analyze; we have therefore used another model, the ARDL model, to deal with the many response lags of economic growth to changes in land titling.
Our empirical analysis of the response of economic growth to land titling using the ARDL model indicates that there is a significant negative current effect and a significant positive long run effect. This does suggest a clear J curve effect which can be explained by the theory and is known to occur in the supply response of exports to currency devaluations 7 . Indeed theory would indicate that the likely effect is along these lines ---with uncertainties and speculation in land dampening investment and growth in the initial period followed by a long lasting recovery in economic growth. The ADF test for cointegration, based on a unit root test on the residual of the ARDL, could not reject the null hypothesis of a unit root with the implication that the relationship was not cointegrated. It is well known, however, that the Dickey-Fuller and ADF tests have low power, especially when the sample is fairly small. Hence, we are reluctant to dismiss the estimation results of the ARDL model particularly since they are consistent with theory.
Our findings on the positive long run effects of land registration on financial development and economic growth are consistent with those obtained by Feder et al. (1988, op. cit.) to the effect that land registration increases access of farmers to credit and raises farm productivity in rural Thailand. Our findings on the adverse impact of land titling on economic growth, in the immediate period following land titling, would give partial support to the findings of MighotAdholla et al.(1991, op. cit.) that land registration has no effect on land productivity in some Sub-Saharan African countries. But these latter findings are not supported by our findings which indicate that land titling and the quality of land registration services have significant and positive long run effects on economic growth. We would like to underscore that all these studies, against which our findings are being compared, are sector-based.
To the extent that many studies of the economic effects of land registration (including the economic justification of land titling and registration projects) are based on the assumption that economic benefits accrue to one sector, our findings suggest that they understate the benefits accruing from land registration. It is conceivable that, even in countries where sector studies have shown land registration to have had no clear impact on productivity, economy-wide studies like ours could find significant economic effects. This would support the view that new and more encompassing approaches are required to studying and justifying investments in land registration. Such approaches should not only attempt to encapsulate the measurable economic benefits that accrue economy-wide but should also recognize that land registration is an important building block for financial development and a prerequisite for economic growth particularly in transition economies and other countries with underdeveloped institutional and legal infrastructure such as those in Sub-Saharan Africa.
The findings of studies, such as ours, which affect public investment decisions in land registration, have profound implications for decision making by governments and donors involved in supporting economic development in developing countries and transition economies. In these countries, as much as 90 percent of rural and 50 percent of urban property rights are not protected by formal property titles; this, combined with their low level of economic development, indicates that there is considerable potential for land registration to contribute to the development of their economies and financial sectors. But given some potential negative effects of land titling on economic growth, however short-lived, decisions on public spending on land registration ought to be based on well-conducted, country-specific economic viability studies.
Some words of caution about the findings of our study are in order. First, the findings of this study are based on a one country study. They are not necessarily applicable to other countries due to country differences. The global applicability of our findings ought to be seen as a challenge for future research in the direction of cross-country and more country case studies. Second, our study has found that economic growth responds to land titling following a J curve. More research is needed to determine the underlying factors to this supply response. Third, the study has not looked at the non-economic impacts of land registration such as the social and environmental ones. These latter ones are also important in public policy and would need to be factored into the decision making processes of governments and development financiers.
Fourth, while our findings suggest that land registration is important for financial development and economic growth, land registration cannot achieve these attributed benefits on its own. In the first place, land registration must be implemented within an enabling legal and regulatory framework that is free of stringent regulatory restrictions and backed by adequate law enforcement mechanisms. In addition, land registration ought to be planned and implemented as one of the inter-dependent building blocks of a market economy including markets for finance, goods and services.
APPENDIX 1 DESCRIPTION OF THE REGRESSION VARIABLES USED IN THE FINANCIAL DEEPENING AND ECONOMIC GROWTH EQUATIONS
Per Capita Real GDP. This is the dependent variable in the economic growth equation that is represented by annual per capita real GDP. Per capita GDP is computed by dividing the real GDP figures by the total population and is denoted as Y. It is also used as an explanatory variable in the financial deepening equation in recognition of the two way relationship between financial development and economic growth (Levine, 1996) . We expect to find a positive association between per capita real GDP and financial deepening. Real GDP and population data are extracted from IMF International Financial Statistics with real GDP from line 99bp and population data from line 99z.
Financial Deepening Variable. We follow Demetriades and Luintel (1996) to discard the standard measure of financial depth used in literature --the broad money (M2) --and use instead the ratio of bank deposit liabilities (demand, time and savings deposits) to nominal GDP (We divide lines 24 and 25 by 99b from the IMF's International Financial Statistics). Alternatively, this ratio can be derived by deducting money in circulation from M2 in order to remove the extent of magnetization from financial deepening. Discounting for magnetization is important in the case of Thailand as it experienced a rapid growth in magnetization during the late 1970s and 1980s. This measure of the financial deepening variable is denoted as FD and was found more suitable for use in the economic growth function. We expect to find a positive association between financial deepening and economic growth. As an alternative measure of financial deepening, we also use the ratio of loans made by banks (excluding the central bank) to private enterprises divided by GDP (We divide line 22d by 99b from the IMF's International Financial Statistics). It is denoted as FDC and is found more suitable for use in the financial development equation as the dependent variable.
Land Registration. We have two variables to represent land registration. The first is land titling which is measured by the cumulative number of land registration titles issued, equivalent to the number of privately owned land parcels that have been registered. Since NS4 land certificates are the ones that are unquestionably accepted by banks for collateral arrangements, they are considered to make up the land titling variable, denoted as LR, for purposes of estimating the financial deepening equation. NS3 and NS3K land certificates, which confer to the holder the same possessory rights as NS4 but are not widely accepted by banks for collateral arrangements, are used together with NS4 in the estimation of the economic growth function. The land titling variable they constitute is denoted as LRT. The second variable for land registration is real public expenditures, both capital and current expenditures (deflated by inflation), incurred by the Department of lands in land titling and the administration of land transactions (maintenance of the land registry). This measure is meant primarily to capture the volume of business being handled in the land registry in terms of day-to-day land transactions and the quality of maintenance of the land registry (quality of delivering land services) although some of the expenditures are often incurred on the issuing of land titles. We expect to find a positive association between land registration (both land titles and public expenditures) and financial deepening as well as economic growth. The land titling and public expenditure data has been compiled by the staff of Thailand's Department of Lands.
Real Interest Rates. The real deposit interest rate variable, denoted as RD, together with the per capita real GDP variable, are now standard variables in the financial development function, thanks to the finance and growth literature (Levine, 1996; and Demetriades and Luintel, 1996) . We expect to find the real deposit interest rate variable positively associated with financial deepening. The real interest rate measure is computed by subtracting the consumer price index (CPI) figures from nominal deposit interest rates (To avoid negative numbers which cannot be converted to natural logarithms, real interest rates are computed as a ratio of nominal interest rate to CPI). The nominal interest rate (for 1977-96) and CPI data are extracted from the IMF International Financial Statistics, with deposit rates data from line 60l and CPI data from line 64. The deposit rates data for 1970-76 were obtained from the central bank of Thailand while the deposit rates data for 1960-69 were estimated by the author.
Ceilings on Deposit Rates Dummy. In an environment of financial repression, ceilings on deposit rates act as a constraint to financial development. But in a less distortionary financial system like Thailand's where ceilings on deposit rates are above inflation rates, ceilings on deposit rates help financial markets to work more efficiently (in an environment of information asymmetries and externalities) by creating rent opportunities which banks can exploit by using non-price mechanisms of competition such as opening new bank branches and promoting their services to previously unserved households (Hellman et al., 1996) . They are therefore relevant in the estimation of a financial development function. In our study, we measure these controls using dummies which take the value of 1 if a control is present, and zero if there is none. We should expect to find ceilings on deposit rates dummy positively associated with financial deepening. Data on interest ceilings has been obtained from the Bank of Thailand through the World Bank Office in Bangkok.
Directed Credit to Agriculture Dummy. Directed credit programs may help achieve desirable income distributional objectives but they hamper financial development since they hinder credit from flowing to the most efficient users. A dummy variable is used and constructed in such a way that it is set at 0 when there is no directed credit program to agriculture, and to 1 and 2 when the directed program covers 0-8% and 9-16%, respectively. We should expect to find a negative association between directed credit dummy and financial deepening. The latest data on directed credit has been obtained from the Bank of Thailand through the World Bank Office in Bangkok.
Ratio of Investment to GDP. The variable is measured by gross domestic investment as a percentage of GDP. Investment enhances the capital-labor ratio and economic growth. We therefore expect a positive association between the ratio of investment to GDP and per capita real GDP. Gross domestic investment and GDP data to construct this variable has been extracted from IMF International Financial Statistics, as the sum of lines 93e and 93I for gross domestic investment, and line 99b for GDP.
Investment in Human Capital. The positive role of human capital in the growth process marks one of the key differences between neo-classical and endogenous growth models where, in the latter, human capital is an important element in a country's ability to generate and/or absorb new ideas, thereby facilitating growth (Barro, 1991; Romer, 1986) . We measure it using secondary school enrolment, expressed as the annual percentage of the relevant age group (12-17 years) enrolled in secondary education. We should expect to get a positive association between secondary school enrolment and per capita GDP. The enrolment data was originally compiled by UNESCO and was obtained from World Bank's World Development Indicators.
Ratio of Trade to GDP. The measure of the ratio of trade to GDP is used as an indicator of outward orientation which is good for economic growth but not unambiguously so. On the one hand, openness to trade can increase growth by improving the access to imported inputs in which new technology is embodied, and by increasing the size of the markets that the country can exploit. On the other hand, growth can be hurt by reductions in research and development (R&D) expenditures which imports can cause as they increase competition in local markets thereby reducing expected profits (Ghani, 1992) . Trade ratios are computed by adding annual exports and imports and dividing the sum by GDP. We expect to find a positive relationship between trade shares in GDP and growth in per capita real GDP. The import, export and GDP figures were obtained from IMF International Financial Statistics, lines 78abd, 78aad and 99b, respectively.
Population. Population is used as a proxy for growth in the labor force. As the Thai economy grew rapidly in the 1980s and early 1990s and faced labor shortages, as many as two million foreign workers were imported annually. This would indicate that growth in the labor force is a relevant factor for Thailand's economic growth, consistent with the endogenous growth theory. We expect a positive relationship between population and per capita real GDP. Population data has been obtained from the IMF International Financial Statistics, line 99z.
Ratio of Manufactures to GDP. The ratio of manufactures variable is meant to represent the structure of production which might have an effect on the average technical progress that occurs in an economy. Economic growth will rise with increases in the share of the sectors where technical progress is important (Grossman and Helpman, 1991) . We therefore follow in the steps of Torstensson (1994) and de Long and Summers (1991) to use the share of manufactures in GDP as an explanatory variable for economic growth. We obtain data on manufactures (value added) from the World Bank's World Development Indicators and GDP from the IMF International Financial Statistics (line 99b). We expect to find a positive relationship between the ratio of manufactures to GDP and per capita GDP.
